
EASTMAN  CHEMICALS DIVISION 
EASTMAN KODAK COMPANY 
KINGSPORT, TN 3 7 6 6 2  

FOOD ADDITIVE PETITION 
NO. 2193 

AMMONIUM SALTS OF  MIXED VOLATILE FATTY ACIDS BLEND (AS-VFA) 
AS A NUTRIENT SUPPLEMENT IN THE FEED OF DAIRY AND BEEF  CATTLE 

June 14, 1982 

Heading H 

s v e l 2 9 6 7 g  



0 

Page No. 

Heading H 

Enclosures  Under  Heading H 

Enclosure  1 - Letter  From  Food  and  Drug  Administration  Dated 
January 7, 1982,  Concluding No Toxicological 
Concern  at  the  Proposed  Usage  Levels  for  AS-VFA ------- 623 

Enclosure 2 - "The  Safety of  Certain  Volatile  Fatty  Acids  as  Feed 
Supplements," B. D. Astill,  Health  and  Safety 
Laboratory,  Eastman  Kodak  Company,  1975  (Unpublished 
Report) ............................................... 627 

Enclosure 3 - Texas  Water  Commission  Discharge  Permit No. 00471 
Issued  to  Texas  Eastman  Company,  Division  of  Eastman 
Kodak  Company ......................................... 685 

, 
Enclosure 4 - National  Pollutant  Discharge  Elimination  System  Permit 

No.  TX0000949  Issued  to  Texas  Eastman  Company,  Division 
of Eastman  Company .............................. 687 

Peter  Morison/sve/TR3410g 
6/9/82 



Eastman  Chemicals  Division 
Eastman  Kodak  Company 
Kingsport, TN 37662 

HEADING H 

ENVIRONMENTAL  ASSESSMENT - AMMONIUM  SALTS OF 
MIXED VOLATILE  FATTY  ACID  BLEND (AS-VFA): A FEED ADDITIVE 

FOR  DIETS OF  DAIRY AND BEEF  CATTLE 

In accordance  with 21 C.F.R. § 25.l(g), an  Environmental  Impact  Analysis 
(EIA) Report  relating  to  this  petition  for  a  food  additive  regulation  for 
AS-VFA  is  not  required  unless  a  request  for  such  a  report  has  been  made  in 
writing  by  the  Food  and  Drug  Administration (FDA). No such  written  request 
has been  received  regarding  this  food  additive  petition. 

In  accordance  with § 25.l(g), the  following  areas  are  shown. 

1. Regulatory  Basis  for  Exemption 

Exemption  from  the  requirement  of an EIA Report  is  warranted  by 
8 25.l(f)(l)(iv). The  criteria  of 8 25,l(f)(l)(iv) and  references  to  data 
in the  petition  which  substantiate  compliance  with  the  criteria  follow: 

"(5) The article  is  composed of  a  substance  or  its  derivatives  that 
naturally  occurs in the  environment  and  that  may  reasonably  be 
considered  to  be  nontoxic  in  the  amounts  used; 
(b) The  article  is  not  metabolized  in  its  use  and  is  excreted 
unchanged  back  into  the  environment  or,  if  it  is  metabolized,  the 
metabolites  and  the  amounts  excreted  into  the  environment  are 
naturally  occurring  in  the  environment  or  may  reasonably be 
considered  to  be  nontoxic;  and 
(5) The use  of  the  article can reasonably  be  expected on the  basis 
of all  available  evidence,  not  to  alter  significantly  the  prevalence 
and/or  distribution  of  the  substance or its  derivatives or their 
metabolites  in  the  environment." 

Data  establishing  that  AS-VFA  meets  all of these  criteria  are  contained in 
Heading E, the  Safety  Section  of  this  food  additive  petition.  Of 
particular  relevance  and  attached  hereto  as  Heading H, Enclosure 1 is a 
copy  of  an  FDA  letter  dated  January 7, 1982,  concluding  that  there  was  no 
toxicological  concern  at  the  proposed  usage  levels  for  AS-VFA  and 
Heading H, Enclosure 2, a  review  dated  October 14, 1975,  entitled  "The 
Safety  of  Certain  Volatile  Fatty  Acids As Feed  Additives," B. D. Astill. 

2. Analysis  of  the  Environmental  Effects  of  the  Manufacturing  Process 

(i)  Reference  is  made to  confidential  trade  secret  information  in  a  flow 
chart  enclosed  as  Heading  A,  Enclosure 6 of  petitioner's  food  additive 
petition,  showing  the  manufacturing  process  whereby  AS-VFA  is 
manufactured. It will  be  noted  that  no  pollutants  are  expected  to be 
emitted. 
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(ii)  AS-VFA  will  be  manufactured at the  Texas  Eastman  Company's 
Production  Division in  Longview,  Texas. The production  as  AS-VFA  will  be 
one  small  operation  in  a  large  petrochemical  complex  operated  by  Texas 
Eastman  Company. The  entire  facility  is  operated  in  accordance  with  all 
applicable  federal  and  state  laws  and  regulations  enforced by the 
Environmental  Protection  Agency (EPA),  the Texas  Air  Control  Board  (TACB) 
and  the  Texas  Water  Commission. 

(iii)  Enclosed  and  identified  as  Heading  H,  Enclosure 3 and  Heading H, 
Enclosure 4 are  certifications  that  the  Longview  facility  is operated.in 
compliance  with  Discharge  Permit  No.  00471,  issued  by  the  Texas  Water 
Commission  and  NPDES  Permit No.  TS0000946. 

f 

Vice  President 
[Title] 
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INAD 1956 

Hr. Peter Morison 
Product Safety Staff  
Eastman Kodak Comparly 
Eastman,Chemicals Division 
K i  ngs port, Tennessee 37662 

Dear Mr. Morison: 

We refer t o  your submissions  dated July 8, 1981, July 29, 1981 ( Z ) ,  
September 8, 1981 and October 2, 1981 pertaining t o  your investigational new 
animal drug application (INAD 1956) for Mixed Ammonium Salts of Volatile Fatty 
Acids  Blend  (Mixed AS-VFA Blend) for lac ta t ing  dairy cows.  These five sub- 
missions either provide da ta  i n  support of the  safety o f  Mixed AS-VFA Blend 
or request an investigational exemption t o  market the m i l k  and edible  tissues 
for food purposes from da i ry  cows used i n  a reproductive performance trial  and 
an acute  toxicological study. A synopsis w i t h  dates of these submissions is 
given below. 

July 8, 1981 

Information was submitted t o  substantiate a no-effect  level for leucine or 
isovaleric-induced hypoglycemia and t o  document residues of isobutyric, 
isovaleric,  2-mthylbutyric, and valeric acids and leucine i n  the m i l k  of 
dairy cows. 

July 29, 1981 

These two submissions requested a n  investigational exemption t o  market the 
m i l k  and edible  tissues  for food purposes from dai ry  cows  used i n  a repro- 
ductive performance trial and i n  an acute toxici ty  study. 

September 8, 1981 

The sdmission responded t o  an agency request for m i l k  residue raw d a t a  and 
a discussion of chromatographic  technique. 

October 2, 1981 

The submission requested confirmation t h a t  tissue residue studies will not 
be required for leucine and t h a t  no further consideration be given these 
studies as a possible requirement i n  the progress of INAD 1956. 

We have  completed our review of these submissions and i n  general our 
conclusions can  be  summarized by the following statement: 
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i INAD 1956 

Leucine and v o l a t i l e   f a t t y  acids, 1.e. i sobuty r ic ,   i sova le r ic ,   2 -mtb lbu ty r ic  
and valer ic  acids  are not of tox ico log ica l  concern because they  are  natural 
body consti tuents which a t   t h e  proposed use levels  would not  present any r i s k  
t o   t h e  human population. Even a t  4X the  recommended  dosage, the  unval idated 
leve ls   o f   leuc ine i n  mi lk  appear not t o  be s ign i f icant ly   e levated above those 
leve ls   resu l t ing  from ei the r   t he  unsupplemented or  the  normal ly supplemented 
da i ry  cows.  The AS-VFA values appear t o  be l ess   t ha t  100 ppb f o r   a l l  groups. 
Even i n  t h e  most sensitive  population, i.e. i nd i v idua ls   sens i t i ve   t o  
leucine-induced hypoglycemia, t he   l eve l s   i n   m i l k   a re  about a fac to r   o f  600 
less  than  the  no-ef fect   level .  

Instead  of accumulating i n   t h e  tissues, excess amino acids will be catabolized 
and excreted by the  kidney. 

For  these reasons, i t  was concluded tha t   there  was no tox ico log ica l  concern a t  
t h e  proposed usage l e v e l s   f o r  AS-VFA. Therefore,  you need give no fu r ther  
considerat ion  to  t issue  residues  or  mi lk  deplet ion  studies as a possible 
requirement i n  the  progress o f  INAD 1956. 

SUPPORT OF SAFETY OF AS-VFA 

Your stbmission  dated  July 8, 1981 presented  information to   subs tan t ia te  a no- 
e f fec t   l eve l   f o r   l euc ine   o r   i sova le r i c  acid-induced hypoglycemia. 

This  information  included (1) documentation o f  absence o f   r i s k   t o   l e u c i n e  
sensi t ive hypoglycemics who ingested  milk and edible  t issues from da i ry   ca t t l e  
fed  mixed AS-VFA blend (2) documentation and experimental  data for   the  safety  
of   Isobutyr ic  acid-Propionic  acid (9/1) (3) sa fe ty   o f   ce r ta in   vo la t i l e  fatty 
acids as feed  additives and (4)  selected  l i terature  review  of   leucine induced 
hypoglycemia and isovalerate acidemia. I n  addition, you  presented a prelim- 
inary  summary of  residues  of  isobutyric,  isovaleric,  2-methylbutyric and 
valer ic  acids and leucine i n  the  mi lk   o f   da i ry  cows, fed Mixed AS-VFA Blend. 

. Conclusions 

1. Although a hypoglycemic e f fec t  due t o  i sova le r ic   ac id  was observed i n  one 
ptbl ished study, th is   could  not  be substantiated. Thus, it i s  reasonable 
t o  assume tha t   i sova le r i c   ac id  does not produce  hypoglycemia i n  sensi t ive 
pop ul'a t i on gr w ps. 

2. The intravenous  no-effect  level  for  L-leucine  induced hy glycemia i n  
sensi t ive  indiv iduals i s  25 mg/kg o r  about 1.5 g (150Omg p" f o r  a 60 kg 
person. 

3. The normal hunan intake of leucine from prote in  sources i s  i n  the  range of 
4-6 grams per day. 
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4. L-leucine  taken  up i n  bovine M m r Y  t i s s u e   i s   e f f e c t i v e l y   u t i l i z e d  as a 
source o f  energy fo r   the   syn thes is  o f  non-essential amino acids and f o r  
the  product ion of milk  protein. About 7oX i s  used fo r   m i l k   p ro te in  
production and the remainder f o r  energy needs.  Thus, only  small amounts 
o f   f ree   l euc ine   a re  expected t o  accumulate i n  tissues. 

.I .. 

5. The milk  residue  study  did  not  demonstrate  carry-through of L-leucine  of 
v o l a t i l e   f a t t y  acids  contsined i n  Mixed AS-VFA Blend. 

mglkg.  The  hunan consunption o f  500 g of edible  t issues will lead t o   t h e  
absorption  of about 2.5  mg of   f ree  leuc ine  der ived from isova le ra te   in   the  
feed. The sa fe ty   fac to r   fo r  a leucine  sensi t ive hypoglycemic i s  
approximately 600 (1500 mg/2.5  mg). 

6. An est imate  of   the maximum  amount o f   f r e e   l e u c i n e   i n   e d i b l e   t i s s u e s   i s  5 

7. The increment o f   leuc ine  from edible  t issues i s   i n s i g n i f i c a n t   i n  
canparison t o  normal human da i l y   in take   o f  leucine. 

8. Feeding  Mixed AS-VFA t o   d a i r y   c a t t l e  should  not  lead to   subs tan t ia l  
increases of isobutyric,  isovaleric,  2-methylbutyric and valeric  acids and 
leucine  concentration i n  the  milk  or  edible  t issues. 

9. The consumption of   mi lk  or   edible  t issues from c a t t l e   f e d  Mixed AS-VFA 
&lrici I I U ~  p ~ b t :  a hazard t o  human safety. 

10. Although t issue  residue  studies and further  milk  residue  studies  are  not 
indicated a t  t h i s  time, we can not  accept  your  present  milk  residue  study 
without  the raw data and appropriate  val idating  information which 
includes GLC chromatograms, de ta i led  procedures, representative  calcu- 
.--.-..- _..- , ,,every studies i n   m i l k   f o r t i f i e d   w i t h  100 ppb levels of each 
AS-VFA and ?!so 0.5 ppm leucine. 
').+;-*- . *A  ..-e 

Please s b m i t  these  supporting  data i n  add i t i on   t o   t he   f i na l   repo r t   f o r  our 
review. 

REQUEST FOR INVESTIGATIONAL EXEMPTION 

I n  your  sdmission  dated  July 29, 1981, yau requested an invest igat ional  

d a i 6 - c ~ ~  used i n  a reproductive performance t r i a l  and f i ve   t rea ted   da i ry  
cows used i n  an acute t o x i c i t y  study. 

Conclusion 

We continue t o  support the  zero  withdrawal  period  concerning  both m i l k  and 
eGfb?e tiss;.E; f o r  previously  authorized  levels  of Mixed AS-VFA Blend l im i ted  
t o  1.4% o f   t he   t o ta l   f eed  under t h i s  INAD. The equivalent dosage limit would 
be 560 g/cow/day which  would cover  the 1X (120  g/con/day) and 4X (480 g/cow/ 

. / C .  ., .- f - f c s ?  t L  - I.:: milk and edib le   t issues  for   food purposes from ten  t reated 
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i dqy) dosage levels  requested i n  the  reproductive  study and the  1 X  l e v e l   i n  
t he   acu te   t ox i c i t y  study. The lox, 15X,  25X and 50X l e v e l s   i n   t h e  acute 
t o x i c i t y  study  are a l l  above the  previously  authorized  levels of  Mixed AS-VFA 
Blend. 

However, because of  information  submitted to   subs tan t ia te  a  no-effect  level 
for l euc ine   o r   i sova le r ic  acid-induced  bpoglycemia, we have decided t o  al low 
a higher   leve l   o f  su plementation up t o  50X the recommended dose o f  120 g/cow/ 
dqy, wi th  a  zero wit I d  rawal per iod   fo r   bo th   mi lk  and edible  tissues. The 
avai lab le  tox ico log ica l   data  permi t   the  estab l is tmnt  of a s u f f i c i e n t  margin 
o f  safe ty   fo r   leve ls   o f   the  ammonium sa l t s  of t he   vo la t i l e   f a t t y   ac ids   o r  
t he i r   m tabo l i t es ,   espec ia l l y   l euc ine ,   i n  m i l k  and edible  t issues  of   dairy 
caws t rea ted   w i th  Mixed AS-VFA Blend. 

Therefore, i n  a  separate l e t t e r   t h e  Agency will approve your  request t o  
market mi lk  and edible  t issues  for  food purposes from ten  t reated cows used i n  
the  reproductive performance t r i a l  and f ive  t reated  da i ry  cows used i n  the  
acu te   tox ic i t y  study  following  a  zero day withdrawal and t h i r t y  day observa- 
t i o n  period. 

S i  ncerely yours, 

Chief  Metabolic  Products Branch 
D iv is ion   o f  Drugs f o r  Ruminant Species 
Bureau of  Veterinary  Medicine 
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ABS!FFUCT 

Isobutyric , isovaler ic ,   valer ic  and 2-methylbutpic  acids are 

essent ia l   nu t r ien ts   for   severa l   ce l lu lo ly t ic  rumen microorganisms, and 

the i r  use as 8 feed supplement fo r  c a t t l e  has  been  proposed. They occur 

widely in   na tu re  and a r e  components of  the normal internediary metabolism 

i n  monogastrics and ruminants, where they are converted  pr incipal ly   to  

acetate,  propiocate  and/or  acetoacetate.  Valeric  acid  occurs  in  the r m c n  

as a proeuct of proline  catabolism o r  from dietary  carbohydrates.  In 

- 

addi t ion,   i sovaler ic   acid is formed from leucine,  2-methylbutyric  acid 

from isoleucice and isobutyric  acid f r o n  valine in t he  rumen, all 

or ig ina t ing  from dietary  protein.  All four acids are used i n  rumen 

microbial   protein and l ip id   synthes is .  They a re   r ead i ly   u t i l i zed  by a 

variety of  aerobic end anaerobfc  microorganisms. They possess s l i g h t  to 

moderate t o x i c i t y  t o  msma2.s i n  t he  undiluted form and possess l i t t l e  

p h p i o l o g i c a l   a c t i v i t y .  The principal  hazard  in  handling arises from 

t h e i r   i r r i t a t i n g   p r o p e r t i e s .  

Besod CT? these considerations, it i s  expected t h a t  the suggested 

intake  levels   of   these  acids  i n  use would be well within the capacity of 

t h e  r u x i n a n t   t o   u t i l i z e  and would not   resu l t   in  any car ry  through i n to  

milk or   f l e sh .  If such resizues d id  occur  they would be non-hazardous 

t o  monogastrics, m d  the  commercial use of these acids would not  be 

de t r imen ta l   t o  t h e  enviroment. 



i 

S' 

Page 

Abstract ............................................................... i 

Introduction ........................................................... 1 

I . Occurrence of Valeric.   Isovaleric end  2-Methylbutyric  Acids ...... 2 

(e) Valeric  acid ................................................ 2 
(b) Isovaler ic   acid ............................................. 3 
( c )  2-Methylbutjjic  acid ......................................... 5 

AcidS. ........................................................... 6 
I1 . >kmnal.ian Metabolssm of Valeric.   Isovaleric end 2-Metkylbutyric 

(e? Valeric  acid ................................................ 6 
(b) Isovaleric  ecid ............................................. 8 
(c  2-Nethylbut-pAc acid ........................................ 11 
( d l  Fates of propiona+e.  acetate and acetoacetate ............... 13 

111 . Nicrobial and Waste Treatment  Aspects ............................ 17 

(e) Valeric  acid ................................................ 17 
(b) Isovaler ic   acid ............................................. 18 
(c  2-i.lethy15utLyric acid ........................................ 18 

IV . Behavior of Valeric.   Isovaleric a d  . 2-Methylbutyric  Acids i n   t h e  
R-men and R ~ i n ~ t s  .............................................. 19 

(e) Valeric  aci  ................................................. 19 

(c ) 2-I.Iethyll1ctyrfc acid ........................................ 26 
(b) I s o v d e r i c   a c t 2  ............................................. 22 

V . The Toxicology  of  Valeric.  Isovaleric and  2-Methylbutyric  Acids .. 29 

(a)  Vaieric  acid ................................................ 29 

( c )  2-Nethylbutyric  acid ........................................ 33 
(b) Isovaleric  ecid ............................................. 31 

V I  . Regulatory  Status of CCK Acids ................................... 34 

VIS . Generel  Safety  Considerations in the  Proposed Use of CCIJ Acids ... 35 

( a )  EstizateCi i n t e k e  l e v e l   i n  U s e  ................................ 35 

(c  ) Zxtra-runer? netabolic  considerations ........... ; ............ 38 
. . .  ( d )  Food safety  considerations .................................. .bo  

(b) E s t i n t e d  normal rumen levels   of  CCN acids .................. 35 



-iii- 

Pa32 

Conciusions.. ......................................................... .42 

References.. .......................................................... .44 

. 



->. 

.+’ 

THZ SAFETY OF CERTAIN VOLATILE FATTY ACIDS AS FEED ADDITIVES 

ImTRODUCTIO?J 

Isobutyric (IRA), isovaler ic  ( I V A ) ,  valer ic  (VA) and  2-methylbutpic 

ac ids  (MBA)*are essent ia l   nu t r ien ts   for  a number of   ce l lu lo ly t ic  rumen micro- 

organisms, and play 8 r o l e   i n  the systhesis  of microbial  proteins and 

l i p i d s  (1) I n  consequence it is proposed t h a t  a blend  of t h e  above acids  

has  value as a feed  supaement i n  the  d i e t  of beef and da i ry   ca t t l e .  Th i s  

report  reviews  the  available  information on the  natural  occurrence,  metabolic 

f a t e ,   t ox ic i ty  and regulatory  s ta tus   of  I V A ,  VA and MBA. An account of the  

occurrence,  metabolism and sa fe ty  of isobutyric  acid  has  previously been 

presented (2) In support  of an exemption  from a tolerance  in   appl icat ions 

t o   g r a i n s  and grasses. 
1 

The documentation  of  these  acids i s  presented in support of the 

claim that their  us.e as feed supplements would be a safe   pract ice .  

* Collect ively  referred t o  as CCIt (Carbon Chain Nutrient)   acids.  

/- 
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I. OCCURRENCE OF VALXRIC, ISOVALERIC AND 2-IGTHYLBUTYRIC  ACIDS ' I. OCCURRENCE OF VALXRIC, ISOVALERIC AND 2-IGTHYLBUTYRIC  ACIDS ' 

a) Valeric  acid 

Valeric  acid,  l-pentanoic  acid, i s  a v o l a t i l e   f a t t y   a c i d  of very wide 

natural   d is t r ibut ion,   being found free, as'esters, and as   par t  of the  

intermediary metabolism  of fa t ty   ac ids   in  a wide range of plant and 

animal speci'es.  Cheaical  Abstracts  Indices (1947-73) l ist  valer ic  

.' 
acid  as  present  in  the  following  foodstuffs:   apples,   beer,  brandy, 

but ter ,   cheeses ,   cf t rus   oi ls ,   coffee,   f ish,   grapes,  meat and meat f a t ,  

milk, molasses,  oysters,  peas,  raspberries, rum, sake, soy sauce and 

soy  beans, t e a  and t e a   o i l s ,  tobacco,  tobacco smoke and tobacco  oils ,  

vodka and a var ie ty  of wines. Of pa r t i cu la r   i n t e re s t  i s  i t s  occurrence 

in   the  per inephric   fa t   of   the  ox (3) .  Although it was not  detected i n  

t he   vo la t i l e   f a t ty   ac id   f r ac t ion  from cooked beef (4 )  more recently 

it has  been  found i n  meat products ( 5 ) .  Trace amounts of   valer ic   acid 

have  been detected i n  cream ( 6) .  

Valeric acid has been reported as a bacterial  fermentation  product  in 

cul tures  of t he  anaerobes  Clostridium  perfringens, C. histolyticum, 

C. f a l l a x ,  C. pseudofallax, Eubacterium ni t r i togens  and Fusiformis 

biacufus,   along  with  other  volati le  fatty  acids (7). It is metabolized 

by Pseudomonas aeroginosa t o  hexane (8). It is formed from norleucine 

by Staphylococcus  aureus and by a micrococcus from a cheese r i n d  .(9). 

It is  among the   f a t ty   ac ids  formed by Neisserie  caproicium from l ac t a t e ,  

pyruvate and glucose (10). 

A sensitive  procedure  developed  for  measuring  the  concentrations of 

v o l a t i l e   f r e e   f a t t y   a c i d s   i n  hunsn blood (11) did  not  detect   valeric 

acid. However valeric  acid  occurs i n  t he  v o l a t i l e   f e t t y   a c i d s  of 
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h u m  sa l iva  in a concentration  of 0.12 millimolar (12). The occur- 

rence of va l e r i c   ac id   i n  human wastes and during  waste  disposal  has 

been  demonstrated. Thus dialysates  of t he   da i ly  human fecal  output 

contained  an  average  of 172 Iseq of  vo le t i l e   f a t ty   ac ids   pe r  1 of 

dialysate ,  of which 1.7 meq/l was valeric  acid  (13).  Anaerobic 

digestion of organic  wastes produced a var ie ty  of fa t ty   acids   including 

valer ic   acid (141, which rapidly decomposed, pr incipal ly  to acetic  acid.  

In  addition,  digestion of slaughter house wastes with yeasts produced 

vola t i le   fa t ty   ac ids ,   inc luding   va le r ic '   ac id  (15). 

. .  

Valeric  acid  has been de tec ted   in   g rass  and corn silage in t r ace  amounts 

by a var ie ty  of workers (161, although it is  not  uniformly  present. 

More comonly,  butyric  (grass  silage) and ace t ic  and propionic  (corn 

. silage) acids  usually predominate. 

b) . Isovaler ic   acid 
. . .  

Isovaleric  acid,   3-methylbutpic  acid,  3-methylbutanoic acid,  is widely 

distributed in   nature .   ( In  the earlier literature, isovaleric  acid 

f requent ly   re fe rs   to  the mixture of isomeric,   isovaleric and 

8 

2-metkylbutjjic  acids which  were not readily distinguished i n  analysis. 

It occurs  free,  as e s t e r s  with naturally  occurring  alcohols,  and i n  

. -  

the   internediary metabolism of a wide range of plant  and  animal  species 

as a breakdown product  of  the amino acid  leucine.  Chemical Abstracts 

Indices (1947-73) l ist  isovaler ic   acid as present   in  the following 

foodstuffs: apples and apple  products,  bananas, beer, bourbon, braney, 

bread dough, butter,   cheese,   ci trus o i i s ,  coffee, hops and hop o i l ,  

meat and meat fa t ,  milk, mushrooms, oysters,  peaches,  peas, pepper- 

ment oil, pineapple,  raspberries, sake, sherry, soy sauce,  tabasco 
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peppers,  tea,  tobacco,  tobacco smoke and oils, whale mezt and w h a l e  

o i l  and a varzety of wines. 

Isovaleric  acid  occurs  in  the  external  carcass  fat   of  sheep (31, 

amounting t o  0.4-1.2% of mixed isomeric 'iso' acids of the C1-Cl0 

fa t ty   acid  coctent .  It has  been  detected  in   but ter ,   Went& and 

Gruyere  cheeses (17). It is among t h e   v o l a t i l e  fatty acids produced 

'from mi lk  casein  hydrolysates by rest ing  s t ra ins   of   lact ic   Streptococci  

and Lactobaci l l i  (18). In   .addi t ion  the  act ion of  Streptococcus 

d i a c e t i l a c t i s  DRCI ,  Lactobacillus No. 138 (18), Staphylococcus  aureus 
.I 

and a micrococcus  from  limberger  cheese (17) produces  isovaleric  acid 

from leucine.  Anaerobic  proteolytic  bacteria  of  the  Clostridium 

sporogenes  group e f f ec t  a similar conversion,  involving  the  so-called 

"St ickJand  Reaction" (19). 

I sc -a l e r i c   ac id  hes been  detected  and  quantitated  in human blood, 

amounficg t o  about 4.42 o f   t h e   v o l a t i l e  free fatty acid  content,   in a 

concentration  of 194 2 80 pg/lOO a of plasma (11). Elevated  levels 

of isovaler ic   acid (100 t o  1000 times  nornal)   in  the  blood  are  associ-  

ated with a rare  metabolic  disorder  involving a defect   in   leucine 

metabolism (20) (see below p. 32). Isovaleric  acid also occurs i n  

human wastes  amounting t o  about 2.2 neq/ml of an average  daily  hman 

Cecal dialysete  (13), and i n  sewage (21). As with  other   fa t ty   acids  

i n  untreated sewage, waste  treatment is effect ive  in   renoving  those 

above C: (22). 2 

Isovaler ic   acid  occurs   in   grass   s i lage  in   t race  mounts ,   a l though it 

has  not so far been de tec ted   in   corn   s i lage  (16). 



-5- 

1 
c) 2-Methylbutyric  acid 

2-Methylbutyric  acid,  2-methylbutanoic acil 

I 

I .  

. .  

d, is fairly widely distri- 

buted  in  nature, occurring free, as esters, and in  the intermedisrJ 

metabolism 6f plant  and anhl species as 'a breakdown product of  the 

amino acid  isoleucine.  Charical  Abstracts Indices (1947-23) list 

2-methylbutyric acid as present  in  apples,  apricots, bourbon, cheese, 

clans,  cocoa,  coffee, hops and  hop oil, milk, oranges,  pineapples, 

strawberries,  tobacco, tobacco oil and smoke.  It has been identified 

in sheep mutton fat (3) and as a  product of Lactobacillus fermentation 

of nilk casein (18). Anaerobic  proteolytic bacteria effect the 

cmversion  of isoleucine to 2-methylbutyric  acid in the "Stickland 

Reaction" (19). Trace amounts  occur  in  grass silage but it. has not 

been detected in corn silage (16). 
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11. " A L I A I J  METABOLISM OF VALERIC, ISOVALERIC APiD 2-METilSBbTfiIC ACIDS 

a) Valer ic   acid 

The metabolisn of straight  chain  fatty  acids  has  long  been known t o  

follow  the  B-oxidetion scheme proposed by Knoop, subsequently  elaborated 

and r e f i n e d   t o  a general scheme for  a l l  organisms  (23). The overa l l  

schsrr.2 (Fig. I)  indicates   that   valer ic   acid  should be converted t o  
d 

ace ta t e  and  propionate. I n  addi t ion,   valerylcoenzpe A i s  an i n t e r -  

mediate i n   t h e  B-oxidation scheme for odd numbered f a t t y   a c i d s .  
- 

Early -- i n  vitro studies  (24) showed va ler ic   ac id  t o  be converted t o  

propionate by rabbit  kidney homogenates. When 14C- and 13C-valerate 

was f e d   t o   f a s t e d  rats,  the  incorporat ion  pat tern of 14C- and.13C- 

i n  l i v e r  glycogen was ident ica l   wi th   tha t  when "C-acetate  and 13C- 

propionate were fed ( 2 5 ) .  Thus CH3* 1 4  CH2*CH2-CH2-13C02 - yielded 

respired C02 acd. 13C02 (approximate  proportions 1: 2). Liver 

glycogen-derived  glucose was l a b e l l e d   i n  the 3 and 4 posit ions  Kith 

14 

. 
13C and i n   t h e  1,2,5,6 posit ions  with "C. When fed  instead of 

valerate,  l-13C-acetate and  2-l'C-propionate give the same d is t r ibu-  

t i o n s  of isotopic  carbon  in  glucose from l i v e r  glycogen. 

Intermediates i n  t he   ove ra l l  enzymic oxidation pathway Cave been 

ifientified.  3-Hydroxyveleratey  the key intermediate   in  t h e  &hydroxyl- 

a t i o n  step, occurs i n   t h e  metabolism of norleucine  by ra t  l i v e r   s l i c e s ,  

v i a  t h e  pathvay  ncrleucine +. 2-ketocaproic -> valerete __f 3- 

hydroxps iera te  (26). 

14C-~cetoacetate %*as detected,   together  with  respiratory 1 4  C02, as a 

product  of  the  metabolisn  of 14C-valerete  (and t h e  homologous 

C6 - Clo ac ids )  by rat l i v e r  or kidney s l i c e s  (27). The r ap id i ty  
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Figure I 

Enzyzlic Oxidhion of Valerate: Adapted from Mahler (23) 

CH  Cii CH CH CO H * Thiokinase 

W f Mgu 
COASY A i  

ATP PPi 

CE3CIi2CH2C€i2C0 * S C o A  CH3CH2CH=CBC0 S C o A  

BIZ- FAD En; FADH2 

OH 
I CI1 CI i  Cii=CHCO*SCoA \ 3 2  Enoyl hydrase CH3CH2CH-CH2C.0SCoA 

0 0 
II II 

CIi CH CCH2CCSCoA 1 
3 2  C o A s H  CH CH CSCoA 3 2  

B-ketothiolase 
+ 

CH3CSCoA 
I 
0 

Propionyl coemyne A --> succinate or acetyl coenzyme A (Fig .  IV) 



-8- 

of valerate  metabolism  was a l s o  indicated  by  the  demonstration  that 

rat  liver  slices  converted 47% of If4C-valeric  acid  to "C02 in 

3 hours  at 37:5' (28). Finally,  studies  on  the  well-established 

carboxylation  pathway f o r  propionate  metabolism,showed  valeric  acid 

to  be  almost as efficient as propionate  in  fixing  14C02  from 14HC03, 

in  the  presence of soluble  fractions fron rat, oqand guinea  pig 

liver ( 2 9  ) . 
It  is  reasonable  to  conclude  tierefore  that  valerate  is  converted  by 

the  general  $-oxidation  fatty  acid  metabolism  system to acetate  and 

propionate,  whose  fates  are  discussed  below. 

b)  Isovaleric  acid 

Isovaieric  acid fias been  identified  in  the form of its  coenzyme A ester 

as an intermediate  in  the  metabolism of the  amino  acid  leucine.  Leucine 

itself  has long been  recognized as "ketogenic"  i.e. has a high  capacity 

. f o r  producix "ketone  bodies" as biodegradation  products. 

Early experhezts indicated  that  the  isopropyl  group of leucine was 

incorporated  into  acetoacetate as an end prodwt of leucine  metabolism 

(30). Subseqcently  the  steps  in  leucine  and  isovaleric  acid  metabolism 

were  worked  out  (Fig. 11) and shown to occur in rat  liver  slices and 

pig heart xsuscle (23). Leucine  itself  is  converted to isovalerylcoenzyme A 

by  trensuiiEation  and  decarboxylation (31). Isovaleric  acid  requires 

activation  by  conversion to its  coenzyme A ester. The subsequent  steps 

in  its  conversion  involve  dehydrogenation to~0-methylcrotonylcoenzyne A, 

carboxyiation to 0-nethylglutaco~ylcoenzyme A, hydroxylation to $- 

hy3roxy-8-nethj~lglutarylcoenzyne A and  cleavage to acetoacetate and 

acetylcoenzyile A. The principal  differences  between  straight  chain 
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Figure Xi 
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Metabolism of leucine and isovsleric acid (after Matiler) (23)  
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fatty  acid  metabolism  and  the  isovaleric  pathway lie  in  the cuboxyla- 

tion  step  and  in  cleavage of the  carbon  chain  without  prior  formation 

of a 8-keto  acid ( 3 2 ) .  

Although  as  indicated,  the  transformation  steps occur in mammalivl 

tissues,  detailed  enzymic  transformation  steps  have  been  worked  out 

in  other  organisms.  Thus the carboxylation  step was shown to  occur 

with 8-nethylcrotonylcoenzyme A rather  than  with  8-hydroxyisovaleryl- 

coenzycle A ,  using  enzyme  preparations  from  mycobacteria (33 )  and 

chicken  liver (34) .  The  carboxylation  step  requires  biotin and ATP, 

forming  an  enzyme-biotin40  complex. The intermediate  8-hydroxy- 

methyl-E-glutarylcoenzyme A is of particular  interest,  since  in 
2 

addition to its  cleavage  to  acetoacetate  and  acetylcoenzyme A, it 

nay be  converted  to  mevalonic  aciC.  This  is a key  intermediate  in  the 

biosynthesis .of steroids  and  polyisoprenoid  substances (35). This  con- 

versior! is presmably of significence  in the known utilization of iso- 

topically  lebelled  isovaleric  acid  in  cholesterol  synthesis (36). The 

fates of acetoecetate  and  acetylcoenzyme A are  discussed  below. 

The fate of "C-LzbelleC  isovaleric  acid in rats  has  been  reported (37 ) .  

The  isopropyl grou;, was  more  efficiently  used  for  cholesterol  synthesis 

than  for  fatty  acid  synthesis,  and  more  efficiently  for  both  syntheses 

ther! was  the  carboxyl  group.  Isoveleric  acid a l s o  enhanced  the  uptake 

of 14C02 inta  cholesterol.  These  observations are  consistent  with  the 

abo-fe  carboxylation stop in  isovaleric  acid  metabolism and the  cieavage 

into 2 carbon fresents.  The administration  of  isovil'eric  acid  to 

rats  also  results  in  the  urinary  elimination  of a cysteine  conjugate, 
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isoval thine (38), heving  the  s t ructure  

CH 
3, 

' I  
C H - C H - C 0 2 H  

CH3 SCH2CHC02H 
I 

This  should  arise  formally from the  interaction  of  B-methylcrotonate 

and glutathione. The o r ig in  of this   substance i s  however unknown, 

since  feeding of 14C-isovaleric  acid yields increased amounts of non- 

radioact ive  isoval thine (37) .  In add i t ion ,   i n   v i t ro   s tud ie s  i n  which 

i sova lera te  and glutathione were  incubated  with  cat, rat, l iver  and 

@linea p i g   s l i c e s  (391, followed by treatment  with  guinea  pig  gluta- 

thionase,  gave  L-8110-isovalthine, whose conf igura t ion   d i f fe rs  from 

naturally  occurring  isovalthine.  At present  isovaleric  acid  appears 

to st imlate   isoval thine  product ion  by.-  unknown mechanism. 

-- 

c ) 2-Metkylbutyric  acid 

2-Nethylbutyric  ecid has been i d e n t i f i e d ,   i n   t h e  form of i ts  coenzyme A 

e s t e r ,  as an i z temedia te   in   the   b iodegrada t ion  of t h e  amino acid  iso- 

leucine (Fig. IiI). The overall   process  involves  the  formation of 

t i g l y l c c e n z p e  A, a-methylacetoacetylcoenzyme A, l e a d i n g   t o   t h e  

formation of ecetylcoenzyne A and  propionylcoenzyme A (40). All t h e  

react ions ic t h i s  sequence  occur i n   p i g   h e a r t  and r a t  l i ve r   so lub le  

f rac t ions .  The close  resemblance of several  of these   s teps  t o  similar 

steps i n  the  B-oxidation  sequence for s t r a i g h t   c h i n  fa t ty  acids  makes 

it l i k e l y  t h e t  t h e   s m e  enzymes are  involved  (23). 

In   ear ly   s tudies   with  label led  2-methylbutpate   incubated with r a t  
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Figure 111 

I Metabolism of isoleucine and 2-methylbutyric  acid (after- Mahler (23) 
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liver tissue it was established  that  3-14C-2-methyibUtVate Yields 

labelled acetate but no labelled  propionate, while 21-4C-2-methyl- 

butyrate yields labelled propionate. Both labels gave labelled 

acetoacetate and I4CO2 (41). These results indicate that 2-methyl- 

butyrylcoenzyme A undergoes B-oxidation on  the longer C chain with 

cleavage to acetate and  propionate. The activation of 2-methylbutyric 

acid  by conversion to its  thiol ester presumably occurs in a facile 

manner, since the biodegradation products of isoleucine,  ,2-methyl- 

butyFylcoenzyme A and 2-methylbutyric  acid ell appear to be identical 

(40,41). In addition, the degradation may terminate at  2-methylaceto- 

acetate,since  heart muscle contains a thiolase which catalyzes the 

transfer of the coenzyme A group of 2-methylacetoacetylcoenzyme A to 

-succinic acid (40). 

The fates of acetyl- and propionylcoenzyme A are discussed  next. 

Fates of propionate, acetate  and  acetoacetate 

The role of both acetate and propionate  in the intermediary  metabolism 

has been well established.  Propionate, as propionylcoenzyme A, occurs 

widely as the end product of 8-oxidation of odd numbered fatty acids 

and certain branched chain fatty  acids (23). Its further conversion 

is  achieved  by conversion to methylmalonylcoenzyme A and succinate, 

principally in m a n m a l s  (Fig. IV), and  by three pathways derived from 

acrylylcoeszyne A, principally in plants  and microorganisms (Fig. V). . 

In either case entry  into the citric  acid  cycle is assured via succinate, 

or via pyruvefe or acetylcoenzyme A, end products  of the acrylylcoenzyne 

A routes (23). 

As is well known acetylcoenzyme A is a fu-damental biochemical end 

000C644 
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. i  Figure IV. 

The enzymic oxidation of propionate:  methylnalonate route 

(after  Mahler ( 23) 
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Figure V. 
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product  and  biosynthetic  unit. It interconverts with t h e  a c i b  of 

the c i t r i c   ac id   cyc le ,   pa r t i c ipa t e s   i n  l i p i d  synthesis by v i r tue  of 

i t s  conversion t o  nalonylcoenzyme A, part ic ipates   in   terpene,   s teroid 

and carotenoid  synthesis by i ts  interaction with acetoacetate t o  forn 

mevalonate,  and  takes  part in carbohydrate  synthesis  via phosphoenol- 

ppuva t  e. 

Acetoacetate may be eliminated unchanged, or converted t o  acetone,  or 

t o  B-hyt?roxy'Sutyrate or t o  acetoacetylcoenzyme A (23). The l a t t e r  
..I 

change takes place i n  extra-hepatic  t issues  in n m m a l s ,  l ead ing   to  

acetylcoenzyme A by the  action  of  B-ketothiolase. Free acetoacetate 

i s  ne tabol ica l ly   iner t  i n  the l iver,   al though l iver cytoplasm contains 

a n  enzyne which catalyzes the conversion 11 0 OH 
I 

C H ~ C C H ~ C O ~ -  + C H ~ C - C H ~ C O ~ - .  

This  i n  t u r n  (D fom) may be  activated by a thiokinase t o  &hydroxy- 

butyr3rlcoenzyme A ,  which is i n  turn converted'to sce€oacetylcoenzyme A 

(23). Gecerally i n  the  nondiabet ic   f ree   acetoacetate  formed in t h e  

l i v e r  is act ivated and converted in extrahepat ic   t issue  to   acetylco-  
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< !  111. MICROSIAL AND VASTE TFGiNI~~T ASPECTS 

* a) Valeric acid 

The microbial metabolism of valeric  acid has been demonstrated by rmen 

microflora, waste treatment  and  sewage microorganisms and by a  variety 

of other fungi and bacteria. 

Extensive studies with valeric  acid as an E. coli substrete have shown 

. the importance of 8 coenzyme  A  transferase and a thiolase in  valeric 

acid utilization (421, although  veleric  acid is a  poor  inducer of 

B-oxidation in mutants having a depressed  capacity for this'  reaction. 

However  valeric  ecid can be used as a  sole sou'ce of carbon even  in 

nutants lacking coenzyme A transferase capacity; in  the latter case an 

ecyl-CoA transferase can be induced (43). 

Studies with wheat  stem  rust  ureidospores  (Puccinis  graminis tritici) 

cccfi,aed the generelity of the B-oxidation  pathway, in that 1, 3, or 

5-l'C-valerste  Froduced. 14C0 an6 labelled  intermediates  similar to 

those produced by l-14C-acetate and 1- or 3-14C propionate (44). 

Sinilerly Clostridiaium kluyveri  converted  valerate to acetate and 

propiomte vie the keto acid  intermediate  3-hydroxyvalerate (45). 

2 

Valeric  acid  is  biodegradable  in waste treatment  situations. Thus the 

VFA  content of feces fell from 6700 ppm of mostly  C  C  and C4 acids 

in fresh feces to 4600 ppm of mostly C acids i n  19 days; the influent 

to secondary weste treetment  contained C through C n-  and  iso-acids, 

the effluent containing almost  entirely C2 acids (46). Warburg type 

respirometer studies ingicated the ready  biochemical oxidation of short 

2' 3 

2 

2 5 

chain fetty acids including  valeric acid  by  activated sludge micro- 

organisms (47). Activated  sludges  from three municipal sewage treat- 
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' ment plants. were act ive  against   fa t ty   acid  concentrat ions of 500 ppm 

( k 8 ) .  Anaerobic  treatment results i n  a similar conversion i n  6-18 hrs 

t o  lower f a t t y  acids, pr inc ipa l ly   ace t ic  (14) .  Studies with t h e  micro- 

b ia l  population of staled sewage show the  dissolved oxygen u t i l i z a t i o n  

of valer ic   ac id  to '  be a l m o s t  ident ica l  with tha t  of   ace ta te  (49). 

S o i l  rnicroorg&isms  used i n  such  dissolved oxygen u t i l i za t ion   s tud ie s  

show a marked capaci ty   to   degrade  valer ic   acid (50). 

Isovaler ic   acid - 
The microbial  metabolism  of  isovaleric  acid  occurs with rumen nicro- 

f lorz ,   waste  an6 sewage microorganisms  and wi th  cer ta in   fungi .  

Certain bey s t e p  in t h e  sequence  isovaleric  acid ,-?acetoacetate 

and  acetylcoenzyme A were elucidsted wi th  microbial   preparations (33) .  

Sewage treatment  microorganisms  readily decompose isovaler ic   acid with 

a n  oxygen uptake  comparable t o  t h a t  of ace t ic   ac id  -(49). Inf luents  

t o  secondary  waste  treatment  contained C2 t o  C acids,   including 

isovaler ic ,   but   eff luents   contained  pr incipal ly  C2 acids  (46). A 

rnixt.De of   fa t ty   ac ids   inc luding   i sova ler ic .ac id   t rea ted  with activa- 

ted sludge, showed a 75% reduct ion  ' in   fa t ty   acid  content  (51), end 

micrococci and sarcinae were i so la ted  which u t i l i zed   i sova le r i c   ac id  

as 'a so l e  carbon  source.  Finally  Aspergillus  niger in the  presence 

of glucose  coaverts  isovaleric  acid t o  3-nethylbutano1,  presumably via 

an aldehyde in t emed ia t e  (52). 

2-Methylbutyric  zcit! 

The metebolism of 2-methylbutyric  acid by rwner. nicroorganisms is 8is- 

cusseC below. Sewage treatment  microorganisms decompose 2-methylbutp-i~ 

ac id  with ar. oxygen uptake  comparable t o  t h a t  of a c e t i c  ecid (49) .  

- 

5 
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Valeric ac id  

A considerable  quantity of informatior! i s  avai lable  on t h e  ro le  of vzler ic  

a c i d   i n  ruminant nutri t ion.   Valeric  acid i s  found i n   t h e   v o l a t i l e   f a t t y  

acid  f ract ion of rmen  fluid,  not  usually  ,exceeding 68 of   that   f ract ion,  

the  proportior:  varying with dietary  composition (53). Table Ia l i s t s  

valeric  ecid  concextrations i n  the   rmen  for   d i f fe r ing   spec ies   rece ivving  

var ied  diets .  It is of   in te res t   tha t   the   va le r ic   ac id   conten t   o f  sheep 

ruzlen decreesed in   t r ave r s ing  the m e n  (1.42% of W A S )  omasu?~ (1.075) 

ecd abomasum (0.66%) (54). 

It i s  accepted  that the pr incipal  so&ce of straight cha in   vo la t i l e   f a t ty  

ac ids   in   the  m e n  is  dietary carbohydrate,  the  conversion  being  carried 

out ky anaerobic m e n  microorganisms ( 5 5 ) .  Valeric ,acid itself   appears 

t o  be prodccec  fro=  sterches and  hexoses ( 5 6 )  and ' i n   t h e i r  absence 

ce l lu lo ly t i c  rumen organisms  produce l i t t l e  va ler ic   ac id  (57). Other 

sources of valerate   include dietary protein;  t h e  .rumen valer ic   acid 

concentration  has been shown to vary with protein  content  of  the  diet  

(58).  The mino  acid proline has been established as a precursor of 

valerete  in  incubations  of 14C-labelled prol ine with rumen microorganisns 

(591, v i e  a reductive ring cleavage and deamination ( 6 0 ) .  I n  addition, 

washed strains of a gram-negetive  coccus from sheep m e n  will anaero- 

bical ly   cocvert  t,hreonine to   ace ta te ,   bu tyra te  and valera te  (61). Ciets 

r e l a t ive ly  high in   p ro t e in  such as lucerne hay produce  considereble 

increases i n  rmen va ler ic   ac id  (62). 

These  various  routes of formation have l e d  t o  overzll   estimates of t h e  

r a t e  of fa t ty   ac id   forna t ion  i n  the rumen. The vo la t i l e   f a t ty   ac id  pro- 

/ 

duction from 350-400 I d  of ingesta  collected from t h e  f is tula*& reti-  

culorumen of a s t e e r  amounted t o   a l m o s t 3  kg i n  24 hrs. OGOO.ESO 
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of propionic and 108 g of va le r ic  ac id  (68). 

As is  well known, the  bulk of t h e   v o l a t i l e   f a t t y   a c i d s  produced i n   t h e  

rumen is absorbed in to   t he  blood and serves as a major  source of 

ruminant  energy (69). Valeric  acid may be absorbed  by t h e  rumen 

epitheliun  or  metatolized by the  rumen microflora.  Valerate i s  con- 

ver ted   to   ace ta te  and propionate on incubation  with  sheep rumen epi- 

the l ia l   t i s sue ,   wi th  an expected  increase i n  "ketone  bodies" (70). 

The regorted  concentration of 5-220 micromoles of  valeric  &.cid/l  of 

sheep  blood plasma r71) indicates  that absorption of va le r ic   ac id  

from t h e  rumen also  occurs. Valerate-"C injected  intrajugular ly   into 

- 

l ac t a t ing  cows i s  dis t r ibuted  in   milk  l ipids   without   preference  to  odd 

or  even nubered  acids  (72). This i s  consistent  with an i n  vivo 

degrzsation t o  acetate  and propionate  followed by de novo, l i p i d  

-- 

synthesis ,   ra ther   than  l ipid  synthesis   s tar t ing  with valerylcoenzyme 

A. The in  vim  degradation  has been  observed  with  sheep l i v e r  end 

kidney s l i c e s ,  which c a r 4  out   the  conversion.of   valerate   to   acetate  

en3 propiosate (73) as established  for  monogastrics. It is  of interest 

the t   va l e ra t e  is included in   the   shor t   cha in   fa t ty   ac ids  which stinu- 

l a t e   c e r b o ~ ~ l e t i o n  of  propionate  in  both  ruminants and monogastrics 

-- 

(74 1. 

Several  routes f o r  u t i l i za t ion   of   va le r ic   ac id  by the  ruminal micro- 

valer ic   acid i s  taken up into  microbial   protein by rumen bac ter ia  (75). 

tihen va ler ic   ac id  i s  adzed t o  sheep diets  with  urea  an  increase  in Sr, 

vivo  microbiel  protein i s  noted (76). Uptake of va l e ra t e   i n to   l i p ids  - 
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. has been reported from the   act ion  of   cel lulolyt ic  rumen bacter ia  on 

14 C-valeric  acid, presumably from breakdown t o  acetate  followed lqf 

resynthesis   to   fa t ty   acids ,   phosphol ipids ,   s terols  and t r iglycer ides  

(77). Selenomas rumenantium incorporated  "C-valerate t o   t he   ex ten t  

of 40% i n  the  phospholipid  fraction of the   ce l l   wal l .  The rmainder  

~ B S  located as bound l ip ids   in   subce l lu la r   par t ic les ,   p r inc ipa l ly   as  

'13. '15 and C acids (78). Studies  with  Thiobacillus  neapolitanus .I7 
suggested t h h  incorporat ion  of   valerate   into  cel lular   const i tuents  

took  precedence  over "CO production in t h e  metabolism of ,valer ic  

acid i n  autotrophirmedia (79). Valeric  acid is a lso  an  effect ive 

subs t ra te   for  methanogenic m e n  bacter ia  in c a t t l e ,  based on enrich- 

2 

ment cul tures  from bovine rumen f l u i d  (80). The methane  pathway a l s o  

produces C02 and propionic  acid. 

These-observations  suggest  that   valeric  acid  in  the rumen will ulti- 

mately yield acetate,  propionate, C02, CHb and steroids,   al though 

the   ac tua l  pathways t o   t h e s e  end products may be complex. 

b )  Iso-Jaleric  acid 

The occuzrence  of  isovaleric in t he   vo la t i l e   f a t ty   ac id   f r ac t ion  of 

t h e  rumen l i q u o r   i n   c a t t l e  and  sheep  has  been well a t t e s t e d   t o  (Table 

l b ) .  The concentration is not  usually  in  excess  of 3% of t h e   v o l e t i l e  

f e t ty   ac ids ,  depending on species,   nature  of  the  diet  and  ambient con- 

dit ions.   Isovaleric  acid  has a l s o  been   ident i f ied   in   the   cecm (3.5- 

4.5 mol % of   volat i le   fa t ty   acids) ,   colon (2.5-3.8%) and in   the   feces  

1.3-3.61) of sheep  receiving a d ie t  of dry grass or  barley (81) , 
a r i s i c g  presunp-bly from microbial  fermentation of p ro te in   i n   t he  

digesta.  
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It is accepted that the  principal  source of branched  chain fatty acids 

i n  t he  runen is  dietary  protein (82, 83), which is  biodegraded by 

proteolyt ic  enzymes i n  the  rumen microflora to   t he   cons t i t uen t  an in3  

acids. Early studies  with  casein  hydrolysates  indicated  that branched 

chain  fa t ty   acids  were  produced by the  action  of washed suspensions 

of sheep rumen microor~anisms  (84). It 'was suggested  thet branched 

chain  acids  such as isovaler ic  and isobutyric were derived from 

leucine and val ine,   der ived  in   turn from dietary  protein.  .The amino 
- 

acids were converted t o   f a t t y   a c i d s   i n  a manner analogous t o   t h e  

Stickland  reaction  carried  out by a var ie ty  of anaerobic  microorganisms 

cul ture  produced a growth fac tor  from casein  hydrolysate for  Rumino- 

coccus  albus. When leucine-2-14C was incubated  with B .  runiaicola a 

radioact ive  valer ic   acid assumed t o  be isovaler ic  was produced, and 

shown t o  be t h e  growth fac tor  (87). In  addition,  leucine  has been 

shown t o  be ketogenic   in   goats   in  a similar manner to   i sova le r i c   ac id  

(&8),  and t o  be  converted t o  isovaleric  acid i n  the  rumen of a f i s tu -  

la ted  goat (89).  

While the  evidence  suggests  that  dietary  protein i s  the  major source 

of rumen brenched  chain f a t ty   ac ids ,  small quarltities have  been detected 

i n   t h e  rumen when pro te in   f r ee  diets a r e  f ed  (90). The poss ib i l i t y  of 

pathways involving  caibohydrate  fermentation may ex i s t ,   pa r t i cu la r ly  

' since  ecetete  and acetoacetate, known t o  form isovalerate  by reversal  

of the  isovalerate  ceta3olism sequence,  could be prodwed. 

It is geserslly  eccepted (83) t ha t   t he  branched cha in   vo la t i l e   f a t ty  

ac ids  i n  t h e  runen are carboxylated and aminated t o  amino acids con- 
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taining the original  carbon  chain.  The  sequence  is  characteristic 

of anaerobic  runen  microorganisms'  and  differs  froa  any  other  amino 

acid  biosynthesis.  The  carboxylation  step  is  referred to as w reduc- 

tive  carboxylation". By analogy  wfth a pyruvate  synthetase  system 

occurring  in  'some  non-ruminant  anaerobic  bacteria (911, it  appears 

to  follow  the  sequence RC02H __3 RC02P03H2 ___I;$ RCOSCoA --> .ATP CoASH 

RCOTPP-eiz -> RCHOH-TPP-enz ,%> RCHOHCO; --> RfC02H. 
n 

Isovaleric  acid has been shown to  be  utilized  by a variety  of  rumen 

nicroorganisms  in  leucine  synthesis (83), and  in  addition, is incor- 

porated  into  bacterial  lipids. Thus Bacteroides  succinogenes,  Rumino- 

coccus  flevefeciens  and R. albus show a requirement  for  branched  chain 

fatty  acids,  requiring  isovaleric  acid  and  ammonia  for  protein syn- 

thesis (92). In experiments  with R. flavefaciens the  uptake  of 

into  protein ic  the presence of isovalerate was demonstrated,  and  most 

of  the 14C was located  in  the  carboxyl of the  isolated  leucine (93).  

In adiiition a statistically  significant  correlation  between  rumen 

m-onia  coctent  and  volatile  fatty  acid  content was found  in  fested 

sheep. This supports  the  contention  that  these  acids  are  precursors 

of brznched  chain amino acids  and.essential to microbial  protein 

synthesis (9L). The addition to the diet  of  organic  acids  undergoing 

the  reductive  czrboxyletion  sequence  also  increases  nitrogen  retention 

and  decreeses  rtrinzry  nitrogen ( 9 5 ) .  

- 

14 
c02 

the  uptake of 1 or  3-14C-isovalerate  by R .  flave- 

both  protein  and  lipid incorporated.radioaetivity 

A detailed  study of 

faciens shmed that 

(96 , 97 1. Radioact ivity  in  protein was due  ectirely to 14C-leucine, 

the  isovalerate 1 - I 4 C  atom  becoming  the  le6cine-2-l4C  atom.  The  iso- 
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va le ra t e  molecule i s  clear ly   incorporated  intact .  The l i p id   r ad io -  

a c t i v i t y  was apparently  due t o  branched  chain 15C and 17C f a t t y   a c i d s ,  

with a proportion of a branched 17C aldehyde. . In   addi t ion  R .  flavefaciens 

showed l i t t l e  capacity  for  incorporating exogenous labelled leucine (981, 

and t h e  specific  activity  of  &isopropylmalate  dehydrogenase was very 

low. This enzyme i s  involved in   l euc ine   b iosynthes is   in  E. c o l i  (98). 

The behavior  of  isovaleric  acid in contact   wi th  t issues  and organs of 

runinm-ts, as d i s t i n c t  from the   ac t ion   of  rumen microflora,  has beer? 

studied (70). It is slowly  absorbed from t h e  empty sheep rumen, being 

taken up i n t o  rmiaal vein  blood. When incubated  with  sheep rumen 

ep i the l i a l   t i s sue   i n ' t he   p re sence   o f  CO t he re  i s  a loss of   i sova ler ic  

ac id  and  production of ketone  bodies, results closely  paral le led  with 
2 

ox m e n  epithelium.  In  addition  acetic  acid,   but  not  propionic  acid,  

a c c - d a t e d  i n  t h e  medium. Sheep l i v e r   s l i c e s  also catabol ize  iso- 

v a l e r i c   a c i d   t o   a c e t i c   a c i d  and  ketone  bodies  with  greater  efficiency 

, i n  the  presence of C02 (73). The disappearance of i sova ler ic   ac id   in  

kidney  s l ices  is enhanced  by 60% in   the   p resence  of C02. The conver- 

si03 of  leucine ecd isovalera te  was studied wi th- the  udders of 

l a c t a t i n g  cows in  perfusion  experiments (101). Both yielded C02 t o  

a smell exteat ,   the   bulk  of   the  leucine  being  incorporated  ic to   milk 

protein,  aad of   the   i sova lera te   in to   mi lk   l ip ids .  The m a x i m u m  incor- 

poration of i sova lera te  was i n t o   t h e  Cl0 f r ac t ion  (99). 

c )  2-Methylbutyric acid 

The occurrence of 2-methylbutyric  acid  has  been  reported  in  sheep 

rumen f l u i d  (100). The concentration of t o t a l   i s o v a l e r i c   a c i d s   i n  

sheep rumen is about 2-3 mol.$ of t o t a l   v o l a t i l e   f a t t y   a c i d s ;   s i n c e  



/" -., the  isovalerate  concentration  is  usually 1-2 mol %, 2-metk~lbutyric is 

of the  same  order (101). As a branched  chain  fatty  acid  it  is  assuned 

that  2-methylbutyric  acid  is  forned in the  rumerr from the  amino  acid 

containing  the  appropriate  carbon  chain  skeleton.  The  formation of 

2-methylbutyrlc  acid k o m  isoleucine  (Fig. 111) supports  this  view, 

.. . 
1. *. 

. -  

particularly  since  proteolytic  anaerobes  formed an optically  active 

isovaleric  ecid, pssumably 2-methylbutyric,  from  mixed braxh chain 

amino  acids  which  included  leucine (86). 

As indicated  above,  branched  chain  fatty  acids  act  as  precursors  in 

branched  chain aaino ecid  synthesis  (821,  utilizing a reductive 

carboxyletion  step  carried  out  by  anaerobes.  The  carboxylation of 

.2-~ethylbutyrate i s  apparently a particularly  efficient  conversion. 

Fol lodng  14COp  ebinistration to a goat a high  specific  activity was 

faun6 for 14C-isoleucine  in;ruminal  microbial  protein (102)-. A wide 

range of m e n  acaerobes carry out  the  reductive  carboxylation'of 

2- nethylbutyric  acid (83) .  Ruminal  ingesta  and  pure  cultures of 

ruminal  anaerobes,  ircluding  Bacteroides  ruminicola  strain  23,  incor- 

porated 14C from  labelled  2-methylbutyrate  mainly  into  lipid  and  protein. 

Isoleucine was the sole labelled  amino  acid  in  protein  from  pure or 

mixed  cultures, 2-l'C isoleucine  resulting  from  l-14C-2-methylbutyrate 

(103). With unlabelled  2-methylbutyric,  Ruminococcus  flavefaciens 

incorporeted  14C02  into  the  carboxyl  group of isoleucine  (93). 

Thus  the  analogous  steps  for isobutpate and  isovalerate  Etilization 

in the runen  are  also  carried  out  with 2-methylbut~~ate. In accoreance 

with t h i s ,  2-rethylbutyric  acid has been  identified  as  one of the 

I brenched  chain  fatty  acids  vhose  incorporation  in  the  diet of steers 
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increases  rumen  nitrogen  retention an2 iiecreases  urinary  nitrogen (95). 

Similar  studies on 2-methylbutyric  have  been  reported  to  those  with 

isovaleric  acid in  sheep  rumen,  liver  end kidney slices (70). 2-Metkyl- 

i 

butyric  acid is slowly  absorbed from the empty rumen, and subsequently 

occurs  in ruminal vein  and carotid blood. On  incubation  with rumen 

epithelial  slices it produces  acetic  and  propionic  acids, but no ketone 

bodies,  and C02 has no  effect  on i t s  rate of conversion.  Similar 

results  were  obtained  with ox rumen  epithelium.  Sheep  liver  slices 

utilized  2-methylbutyric  acid  efficiently,  producing  acetic  acid, no 

propionic  acid  and  ketone  bodies,  and  kidney  slices  produced  acetic 
4 

and formic  acids (70). 
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The ne2mnalian tox ic i ty ,   phys io logica l   ac t iv i ty  and  pharmacological 

a c t i v i t y  of va l e r i c   ac id  have  been  studied. The acute  oral LD i n  

rats of mixed isomeric  valeric  acids  (undiluted)  has  been  reported as 

50 

1.12 &/kg (0.45 - 2.79) (104)  and 2.00 ml/kg (0.90 - 4.44) (lOs), 

and t h e  LD by s k i .   a p p l i c a t i o n   t o  rabbits as 0.70 -/kg (0.38 - 1.28) 

(104) and 0.31 0.06 - 1.50) (105). A 1% aqueous solut ion  of   valer ic   acid 

ha6  an o r a l  LD i n  rets of >bo0 %/kg, and an IP LD of 200-400 %/kg, 50 50 
synptoms being weakness  and ataxia (106). It is concluded t h a t   t h e  

undiluted  acid is a moderately  strong  skin and eye i r r i t a n t  (107), and 

is moderately  toxic  by  both  the  skin  and oral  routes .   In   o ther   s tud ies  

Egerov e t  al. (108) considered  the C - C f r ac t ions   t he  most t ox ic  

i n  chronic  experinents,   easily  penetrating  the  skin.  Thus 0.005 g/sq. CEI 

of ra'o5it  skin  surface was a threshold  dose, 5 g/kg a p p l i e d   t o   t h e  

50 

-- 5 6  

skin produceti intoxicktion  and '10 g/kg h s  l e t h a l   t o  all animals. 

Effec ts  on t h e  Zen-ous  system  were claiaed  in  chronic  experiments (108). 

The inhalat ion  toxici ty   of   valer ic   acid  has  been  described. Rats 

. exposed t o  the  concentrated  vapors of mixed isomeric  acids  survived 

for eight  hours  without  deaths  (105). Mice exposed t o  2.7 mg/m 3 

1.2 p p  f o r  105 days showed changes in the   b ronchia l   t rac t  , desquana- 

t i o n  of 1G.g t i s s u e  and occasional pneumonia (109). Caproic  and 

butyr ic   acids  showed similar slyraptons. The same group of workers 

considere2  that  a nexhum permissible  airborne  concentration of 

0.006 ng/n (3  ppb)  should be applied,  since a t  th i s   concent ra t ion  

t h e r e  was no ef fec t  on O2 consumption, p[C02] and conditioned 

3 
- 
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reflexes  of  experimental  animals  during 97 days (110). Experimental 

human  exposures (111) suggested  an  odor  threshold  of 0.09 mg/cm 3 aEd 
\ 

. .  
. a k x i m u m  acceptable'concentration of 0.03 mg/cm3 (15 ppb),  based  on 

eye  light  sensitivity and ENC changes.  These  suggested  limits  seem 

excessively  restrictive,  particularly  in  view  of  the TLVs established 

. 
for  acetic  and  formic  acids (10 p p  and 5 ppm)  respectively (112). 

Valeric  acid,  presumably  because of its  hydroxylated  intermediate 

(6-hydrox~elerylcoenzyne A)  exhibits  neuropharmacologic  activity, 

apparently  as a CNS depressant.  Behavior similar to  that  of y-hydroxy- 

. .  

butyric  acid m s  elicited  by  valeric  acid  and  other  short  chain  fatty 

acids  in  inducing  characteristic  brain  waves  and  increasing  total 

sleep  in  cats (113) and  in  producing  erratic  epileptoid  reactions  in 

rats (114) similar  to  those in cats. Valeric acid  also  possesses 

anti-spasmnbir .activity apninnt . b a r i u m  Fh7ide ia i t e d  r& and 

rabbit  intestine  but  no  other  pharmacologically  activity  was  reporteC 

(115). These  observations  appear  to  be  consistent  with  findings  that 

short  chain  fatty  acids,  including  valeric  acid,  are  implicated  in 

heFatic corn (116). Thus  allyl  formate  poisoned  rabbits  have a much 

higher  concentration of lower  fatty  acids than normal rabbits  in  the 

liver,  and  ip  iaJection  of  butyrate,  valerate or octanoate  produces 

reversible  cona  in  rats (116, 117). 

A variety  of  enzyme  inhibitory  reactions  has  been  reported f o r  valeric 

acid  (e.8. 118), mostly  in  studies  on  enzyme  structure and character- 

istics,  and  involving  short  chain  fatty  acids  in  general.  These  are 

not of physiological  importance. 

In v i t r o  and in vivo  studies  indicate  that  valeric acid, along with -- -- 
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other   s t ra ight   cha in   fa t ty   ac ids  is readily  absor3ed by t h e  rat 

intest ine,   being  t ransferred  against  a concentrasion  gradient (119)- 

Hu7ans absorb  valeric  acid  readily from both  the  colon and j e junm 

(120). 

The ready utilization of va l e ra t e  by microorganisms  suggests t h a t  it 

hss a l imi ted-poten t ia l   for .adverse   e f fec ts  on non-mammalian species. 

Fat ty   acids   including  valer ic  have  been tes ted  for ac t iv i ty .aga ins t  

soil’ nematoees, when s-mival   ( immobil izat ion)  tines varied  fron 

5 seconds i n  M s o l u t i o n   t o  2000 seconds i n  mM solution,  without 

protoplesmic  or  cuticular changes (la). Fatty  acids  (C1 - C6) 
also show inb ib i t ion  of L-serine and f ructase i n  whole B. s u b t i l i s  

c e l l s  or men3rane ves ic les  (122) and r e t a rd  growth of chlmydomonas 

and  hematococcus spec ies   in  pure cu l ture  (123), t h e  latter being 

concentration  dependent ( 0 . 5  t o  10 EM). 

/ 

b )  Isovaleric acid 

The ore1 LD of undi luted  isovaler ic   acid  in  rats i s  400-3200 =/kg, 

and it is a s t rong   sk in   i r r i t an t  in guinea  pigs, based on 24 hr. 
a p p l i c a t i o n s   o f ’ l  end 10 mg/kg. These doses were not   le thal .   Lethel  

oral   doses produce  weekness, re t rac t ion   of   the  abdomen and vasodila- 

50 

t i o n  (124).  Tce only reported  physiological  activity  exhibited by 

isovaler ic   acid i s  mild CMS depress ion ,   in  company wi th   o ther   vo la t i le  

f a t ty   ac ids  such as va le r i c  and butyr ic ,  Thus paradoxal  sleep was 

induced i n  the  chronic  pontine  cat  (125) by intravenously  injected 

1-1.2 n i l l i r ,o lz r  sodium caproate,   valergte,   isovalerete and butyrate. 

S i m i l a r  r e s u l t s  were fo&d i n  rats (126). As v i t h  ‘ o t h e r   v o l a t i l e   f e t t y  

ecids ,  t h i s  behavior is consis tent  with the  hepatic coma induced i n  
/ 

OCCC.662 
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rats  by  allyl  formate  which  appears %o be  associated  with eccutulet ion 

¶ 

in  the  damaged  liver  of  fatty  acids  including  isovaleric (116). 

A number of  physiological  and  pharmacological  effects  have  been 

described  in  which  the  role of isovaleric  acid has been  studies. 

Thus  leucine  and  isovaleric  acid  produced an enhanced  hypoglycemia 

in  hunan  subJects  with  sFontaneous  hypoglycemia (1271, but  isovaleric 

acid  alone d i d  not prodace  hypoglycemia  in  normal  subjects,  and  did 

not enhexe hmoglycemia in  subjects  dosed  with oral hypoglycemics (128). 

Leucine  however  produced  an.  intense  hypoglycemia in  such  subjects,  but 

evidently  not  because of its  metabolism to isovalerate.  Hypoglycin A, 

a constituent of "ackee",  produces  prostration,  vomiting  and  coma  in the 

so-called  "Jamaican  Vomiti.ng  Sickness",  together  with a pronounced 

hmoglycenia and  isovalericacidemia (129). While  the  accumulation of 

isovaleric  acid was due to inhibition of isovalery1coenzyme.A dehydro- 

eenase,  isovaleric  acid was shown  not to be  the  causative  factor,  since 

when  given to experinental rats with  hypoglycin-A  induced  hypoglycemia 

it  did not eni.her?ce or  prolong  hypoglycemia (134). 

A rare ger?etic  Ciseese  associated.with  en  inborn  error in  the  metebolism 

of leucine has been  described;  its  principal  biochemical  feature  is  the 

elevation of isovaleric  acid  levels  in the blood (131). It is associsted 

with a peculim body odor,  episodic  acidosis ant! slight  mental  retarda- 

tion. The  enzyme  isovalerylCoA  dehydrogenase  is  either  inhibited or 

absent,  leesing  to  the  elevation of isovalerate  levels in blood b;r 

100 - 109C fold  over  normal  levels (20). The diseese  is of interest 

here  since  it  presents  some  guide  to the long term  effects of elevate2 

blood levels of isovaleric  acid in humans. 
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, .  
\ Enzyme inhib i tory   e f fec ts  have  been associated  with  isovaleric  acid 

QS with  other  fatty  acids.  Thus isovaleric  acid competes with the 

y-carboxyl of a -g lu tmate   in   inh ib i t ing  i n  vitro  glutamic  decarboxylase 

of squash (1321, aad along  with  isocapoate and isobutyrate  decreases 

-- 

ret liver  mitochondriel  oxidative  phosphorylation,  being somewhat  more 

act ive  than  butyr ic ,   valer ic  and caproic  acids (133). 

c )  2-Methylb~tyric  acid 

24Iethylbutyric acid,when given orally in t h e   u n d i l u t e d   s t a t e   t o  rats, 

has an  LD of 1600,-3200 %/kg, end t o  mice, less than 800 mg/kg. The 

rat IP LD is 50-100 %/kg. As a 5% so lu t ion   i n   co rn   o i l  it has an 

ora l  LD i n   r a t s   i n  excess of 1600 m g / k g  and an IP LD of 200-400 50 50 

=/kg (134). It is  both a skin and eye i r r i tant ,  as shown by i t s  

inmedia te   corned   i r r i t a t ion   in   the   rabbi t  eye when administered 

undiluted, and the  strong  primary s k i n  i r r i t a t i o n  when app l i ed   t o  

guinea  pig  skin. The cutaneous LD i n  guinea  pigs was 5-10 &/kg. 

Calculated  vepor  concentrations up t o  2000 ppm f o r  6. hours produced 

no l e t h a l i t y   i n  rets (134). It was concluded that  2-methylbutyric 

50 

50 

50 

acid was sligktly  toxic  orally,   but  possessed  hazards  for  contact 

w i t h  sk i c  or eyes, and that t h e  vapors were i r r i t e t i n g  and could 

cause  lecr-bation. 

L i t t l e   a c t i v i t y  of a pharmacologic o r  physiological nature has been 

reported  for  2-rrethylbutyric  acid. The action of hypoglycin A, i n  

crdditior? t o  pro2ucing  isovalerylacidemia, a l s o  produces  elevated 

2-nethyibut;rric  acid  levels  in  the blood (l29), but no mechanism or 

physiological  cosaequences  have been suggested. 



-34- 

VI. RZGULATbRY STATUS OF CCN ACIDS 

a) As direct food additives 
.. . 

21CFR 121.1091 permits  the use of valeric  acid  in a mixture  with  caproic, 

enanthic,  caprylic and pelargonic  acids to be  used in  washing  or  assist 

in  the  lye  peeling of fruits  and  vegetables.  Use  level  is  not  to. 

exceed 1% in  the  lye  peeling  solution. 

21CFR 121.1164 pernits the  use  of  isobutyric  acid,  isovaleric  ecid, 

2-methylbutyric  acid  and  vaLeric  acid as syllthetic  flavoring  substances 

or adjuvants  added to food. They should  be  used  in  the  minimum  quantity 

to  produce  the  desired  effect or in  accordance  with  good  manufacturing 

practice. 

b)  As pesticides 

4OCF"ft 180.1030 grants an exemption from a tolerance  for  residues of 

isobutyric  acid  resulting  fronr.the  post  harvest  application of 

isobutyric  acid or -onium isobutyrate to  the  following  raw  agri- 

cultural comodities: alfalfa,  bernuda grass, brome  grass,  clover, 

corn,  fescue,  grains  of barley, oats,  sorghum  and  wheat,  lespedeza, 

orchard grass asd tkothy. 

c )  GRAS Reviews:  have  been  requested for isovaleric  and  2-methylbutyric 

acids. 
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GENEFAL SAFETY cor~smmxorJs IN THE PRWOSED USE OF C C ~ T  ACIDS 

Estimated  ic take  level   in  use 

It is  envisaged  that   the four CCN acids will be added t o  feed as a 

b lend ,  and t h e t  the  intake  of  each  acid by dairy c a t t l e  or s t e e r s  

will be  about 20 g per  day (135). 

Estimated  normel rumen leve ls   o f  CCB acids 

As indicated  above,  the  four  acids  occur normally i n   t h e  rumen i n  

f a i r l y  low concentrations.  These are instantaneous  values and  pre- 

suably   re f lec t   an   equi l ibr ium.  Of more importance i s  the  turnover  

r a t e .  

Estimates of t h e  rumen production and consumption of  each  acid  can 

be  obtained from estimtes o f   t o t a l   f eed  and dietary protein  intake 

(136) and  from the  dai ly   intake  of  amino acid  precursors,  based on 

l i t e r a tu re   va lues  (137, 138). Table 2a presents  average  estimates 

of  valine,   leucine,   isoleucine,  and proline  content of t y p i c a l   c a t t l e  

feed, end Table 2b the   resul t ing  es t imated  intake  of   each amino acid 

e i t h e r  i n  feed o r  from digest ible   protein  in   feed.   Table  2c gives 

the   resu l t ing   es t iaz ted   tu rnover  of each CCN derived  from i ts  emino 

acid  precursor. It is assumed t h z t  only 50% of feed  derived amino 

a c i d s   e r e   a v a i k b l e  for conversion to   the  corresponding CCN acids ,  

but t h a t  all the   d iges t ib le   p ro te in  amino acids  are .  

The resul t ing  turnover  rates are f a i r l y   c l o s e ,  whether  derived from 

feed or   digest ible   protein.   In   addi t ion,   the  rate of formation of 

va le r ic   ac id  kzs ac tua l ly  been  detemined  in   the fistulated rumen 

of a s t ee r  as indiczted above (68) and amounts t o  about 108 g per 

day( 63). T h i s  undoubtedly  includes  both  the  synthesis  of  valeric 
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ac id  from carbohydrate  end i t s  forrcation from prol ine.  The d s i l y  

turnover of CCN ac ids   therefore   appeers   to  be i n  t h e  region of (g per 

day 

Animal Valeric Isobutyric  Isovaleric  2-14ethylbutyric 

Beef Cattlea 39 -. 52 23 - 43 41 - 56 21 - 36 

.Dairy Cattlea 23 - 40 18 - 46 24 - 60 13 - 40 
Steers  b -1 08 

a from die ta ry   an ino   ac id   p recursors   in  feed and protein  (Tables 2a and b) 

. from enalysis  of ingesta '(68) 

The proposed  supplements are therefore  about  one-fifth of the   da i ly  

turnover of valer ic   acid,   about   half  t o  a t h i r d  of the  turnover   of  

i sova ler ic   ac id ,  end approximately  the sane as the  turnover   of   iso-  

butyric  and  2-methylbutyric  acids.  Since  these  intakes would be 

prolonged f o r  the  per iod of feed  consumption,  the combined supple- 

mentery  and  feed-derived  acids  should be well within  the  capaci ty  of 

t h e  rumer! t o   u t i l i z e .  The range of va r i a t ion  of dietary precursors 

(Tables 22,b,c) suggests that at  m y  one time t h e  combined addi t ive  

and  feed-derived CCN acid  concentrat ions will l i e  within limits of 

normal v a r i a t i o n   f o r   t h e   a c i d s   i n   q u e s t i o n .  

c Extra-runen  metabolic  considerations 

The proposed  addition  of CCN ac ids  i s  expected t o  stimulate microbial 

protein  synthesis  (1). The consequenceof   the  addi t ionzl  CCM acids  
I 

i n  t h e  rumen muld  be  an  increesed  concentrat ion of n ic robia l   p ro te in  

or microbial   l ipid.   These would presumably  be  handled i n  a normal 

manner i n  t he  r eminde r  of t h e   g a s t r o i n t e s t i n a l   t r a c t ,  representing 
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advantageous  situation. The resu l t ing   forna t ion  

. 

within  the animal of val ine,   leucine,   i soleucine and other  amino 

acids  should  be well within  the  capacity  of  the  intermediary meta- 

bolism t o  handle  (see Table 2b f o r   n o m 1   d i g e s t i b l e   p r o t e i n   i n t a k e ) .  

. Any unut i l ized CCN ac ids  would p r e s m b l y  be  absorbed via t h e  rumen 

epithelium, an3 t ransferred  to   the  blood.  A proportion would be 

converted t o  'acetate  and  propionate  in  the rumen epithelium as 

indicated above. Any absorbed CCN acids would presumably b.e handled 

by the  intermediaryaetabolism as indicated  above,  the  overall  

products  being  acetate  or  propionate.  It is  estimated that i n  

cattle,depending on t h e   d i e t  and the  analytical   procedure  adopted, 

daily  nomal  praduction of rumen ace t i c   ac id  is 9.6 - 40 moles,  and 

of propionic  acid 3.72 - 12.8 moles (139). Both acids  are extensively 

absorbed from t h e   r m e n   t o   p r o v i d e  a considerable  proportion  of  the 

ruminent calor i f ic   requirements  (55). If t h e   t o t a l   i n t e k e  of t h e  

proposed d ie ta ry  supplement  were  absorbed  and  converted t o   a c e t a t e  

and propioczte,  about 1 addi t ional  mol each of  ace ta te  and  propionate 

would be contribcted t o  t h e  normal  uptake.  Since most of t h e  CCN 

ac ids  w i l l  be  converted to   p ro te in ,   increased   ace ta te  and  propionate 

formation  fron  direct  absorption of the  CCN ecids  will be ins igni f i -  

cent. 

It would therefore  be us l ike ly   t ha t   t hese   l eve l s  of supplementation 

with CCir' ac ids  vould result in   car ry   th rough  in to  the milk  of  dairy 

cows or f lesh   o f  meat providing  animals.  Suppcrt for t h i s  view is 

proviaed by experizents  with  isobutyric  acid added t o   t h e  feed of 

d s i r y  cows (lbO),vhere  feeding  for 10  days  of 4 . 5 1 ,  of isobutyr ic  
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acid  in  the  diet  (about 200 g per  day) was required to produce  detec- 
\ 

table  levels of isobutyric  acid in.the milk, and  levels  consistently 

above normal in the  blooc?.  Feeding  at 1.5% (about 90 g 'per  day) 

produced no carry through  into milk and  only a slight  increase  in . 

blood  isobutyrate  in  one  of  the  three  experimental  cows  employed . 
d) Food  safety  considerations 

The CCN ecids  are  extensively  distributed i n  human food and  beverages, 

and musttherefore be  normally  present  constituents of the hunan 

diet.  Since  quantitative  information  on  concentrations in foodstuffs 

is  scanty  it is not  possible to estimate  the normal human  intake  of 
L 

these  materials.  However,  they  also  occur in  the intermediary  meta- 

bolism  as  breakdown  products of amino  acids  arising from dietary 

proteios. The  three C2N precursors,  valine,  isoleucine  and  leucine, 

are  essential anico acids,  presumably  because of the  inability of 

mamalian  orgaiscs to synthesize  directly the  branched  chain  carbon 

moieties  involved.  Rough  estimates of the  adult human daily  intake 

I, 

(141) suggest  that  about 10-20 g of  each  results  from  dietary  protein, 

implying a tunover rate of about 7-14 g of each  derived CCN acid in 

the  internediery  metabolism. In  addition  the  identification of serum 

pools of isobutyric  acid  and  isovaleric  acid  indicates the existence 

of normal  body  burdens for at  least  two of these  substances. 

It  would  therefore  be  expected  that  (a)  the low  to  moderate  toxicity 

of  the CCli acids, (b) the existence of a n o m 1  dietary  intake, ( c )  

the absence of appreciable  physiological  and  pharniacological  activity, 

(d) the  occurrence  of  two of the  acids  in  serum  and of all four as 

. part of esser.tia1  amino  catabolism,  and  (e)  the  evidence for their  



ready metabolism in the free state, would all indicate an absence of 

hazard from any residues occurring in milk or f lesh  as a result of 

their use as feed  supplements. 

. 
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CONCLUSIONS 
1 

(1) The  carbon  chain  nutrient  acids,  valeric,  isovaleric,  2-methylbutyric 

and  isabutyric  are  widely  distributed  in food, feedstuffs,  beverages, 

flavoring  materials, human and animal wastes and occur  as  products of 

natural  fermentation  processes. 

(2) They  are also components  of  the norm1 intermediary.metabolisn  through- 

out  the mammalian kingdom,  occurring  as  cetabolism  products of naturally . 

occurring  amino  acids.  They  are  converted  in  the  intermediary  metabolism 

principally  to  acetats,  propionate  and/or  acetoacetate,  and  may  be 

wholly used es foods. Other  minor  pathways  exist  which  may  lead to 

their  incorporation  into  lipids or excretion  as  conjugates  in  the  urine. 

( 3 )  All four  acids  occur  naturally i n  the  rumen.  Valeric  acid  occurs as 

the  product  of  proline  catabolism, or from  dietary  carbohydrate  fermen- 

tation. Isovaleric acid is fornet% frm lcuciue, a & l q Q m c  acKf 

from isoleucine  and  isobutyric  acid fz'om valine. 

( 4 )  The  proposed  level of feed  supplementation  appears  to  be  within  the 

level of nom-al  variation in the rumen resulting  from  dietary  intake 

of  these  precursors  in  feed  protein. 

. ( 5 )  All four  acids  are  utilized in rumen microbial  protein and lipid 

synthesis.  Any'unutilized CCIV acids  would  presumably  be  absorbed 

and  coxverted to acetate  or  propionate  in  quantities  insignificent 

in  comparisoc with the  normal  acetate  and  propionate pools in 

ruminants . 
( 6 )  The proposed  level of supplementation is not expected  to  result  in 

carry  through  into  milk or flesh. 
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(7)  If residues  occur  they  are  expected  to be ins igni f icant ,  and t o  

present no hazard t o  monogastrics. The CCH acids  possess  only a 

s l i g h t  t o  moderate t o x i c i t y   t o  mammals, and intake from such  residues 

would be well  within  the  capacity  of  monogastrics t o  handle,  since 

pools of valerate,   isobutyrate,   isovalerate and 2-methylbutyrate 

already  exist  i n  h k s  by v i r tue  of the  dietary  inteke  of   the 

respective amino- acid  precursors. The widespread  occurrence  of  these 

acids   in   foodstuffs   indicates   that   there  i s  already a low l e v e l  

exposure of humans fo each  acid, of indefini te   durat ion.  

(8) The commercial use of these  acids  would not  be  detrimental t o   t h e  

environment in   t he   cou r se  of  waste  disposal,  since  they.have been 

ident i f ied   in  sewage and human wastes, are compatible  with waste 

treatment  microorganisms and a re   u t i l i zed  by a va r i e ty  of aerobes 

and anaerobes. 

(9) It i s  expected tha t   t he   i r r i t a t ing   p rope r t i e s  of these  substances 

w i l l  require  caution i n  formulating,  shipping and handling. 
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EASTMAN  CHEMICALS DIVISION 
EASTMAN KODAK COMPANY 
KINGSPORT, TN 3 7 6 6 2  

FOOD ADDITIVE  PETITION 
NO. 

AMMONIUM SALTS OF  MIXED VOLATILE FATTY ACIDS BLEND (AS-VFA) 
AS A NUTRIENT SUPPLEMENT I N  THE FEED OF DAIRY AND BEEF CATTLE 

June 14, 1982 

Heading H ,  E n c l o s u r e  3 

s v e / 2 9 6 7 g  



. TEXAS WATER COMMISSION 
Stephen F. Aumtfn State Office -Building 

Austin, Texas . 
PERMIT To DISPOSE OF W A S T E S  

under provigions of Chapter 26 
of the Texas Water Code 

Texas Eastman  Company 

whose mailing  addrees  is 

P, 0. Box 7444 
. fnngview, Texas 7S602 

is authorized to diepose of wastes from a plane manufacturing 
organic  chemicals 

located five miles  routheast of the City of Longview in Harrison 
County, Texas 

to Segment 0505 of the  Sabine River in the  Sabine River 'Basin 

in accordance with  effluent limitations, monitoring requirements 
and other  conditions  set forth herein. This permit is granted 
subject to the  rules of the Department, the laws of the State of 

' Texas, and other  orders  of  the Commission. 

"'This permit and the'authorizationu contained herein shall  expire 
.at midnight, March 31, 1981, 

APPROVED, ISSUED, AND EFFECTIVE this 28th day of July 
1980. 

I 

ATTEST: 
Commiesion 



TEXAS  DEPARTAlEKT OF \\'A'TER RESOUKCES 
1700 N. Congrcss  Avcnuc 

Austin.  Tcsas 

TEXAS \\'ATEIZ I)EVELOPMENT IWAli l )  
Louis A. Hccchcrl. Jr..   Chair~n;~n 
Georgc W .  hfcClcskcy. \'ice Chairman 
Glen E. Koncy  
\V. 0. Banksron 
Lonnic A .  "lio" Pilgrim 
Louic Welch 

May 19, 1982 

Mr. Thomas  McAninch 
Texas Eastmar! Conpany 
P. 0. Box 7444 
Longview, Texas 75607 

Dear Mr. McAninch: 

Re: Texas Eastman Company 
Permi t No. 00471 

Although the above referenced  permit was scheduled t o  expire on  March 
31, 1981, your renewal application o f  February 13, 1981 has assured 
t h a t  the  permit approved July 28, 1980 will remain i n  effect  u n t i l  
a new permit is  issued. 

I f  you  have  any questions,  please do n o t  hes i t a t e   t o   ca l l .  

Sincerely, 

Patricia  Dargif  Padilla 
Permit  Control & Reports 
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AlrTHORIZATIOS TO D1SCH:IRGE UNDER THE 
NATJOSAL POLLUTAST DISCIIARGE ELI>lINATIOS SYSTEM 

In compliance  with the provisions of the Federal Wat.cr Pollution  Control Act. as amended, 
(33 U.S.C. 1251 et. scq: the "Act"), 

Texas Eastman Company 
A Division of Eastman Kodak Company 
P.O. Box 7444 
Longview, Texas 75602 

is authoriwd to discharge from  a f3cility ldcntcd at approximately 2 miles Southeast 
o f  the  intersection o f  State Hwy. 149 and Interstate 20 i n  Harrison 
County, Texas, and a l s o  approximately 4 miles  southeast o f  the  City o f  
Longview,  Gregg  County,  Texas 

> reccivingwaters  namcd Sabine River, Segment 0505 o f  the Sabine River Basin 

in accordance with effluent  limitations,  monitoring  requirements and other  conditions set forth 
in Parts I ,  11, and 111 hereof. 

This permit shall become  effective  on November 16, 1980 

This permit  and  the  authorization  to discharge shall espire at midnight, June 30, 1981. 

Director 
Enforcement Division 6AE 



'(r UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 
REGION VI 

1201 ELM STREET 
DALLAS, TEXAS 7S27O 

CERTIFIED MAIL: RETURN RECEIPT REQUESTED (511569) . .  

Mr. George Pendergast 
Secretary 
Texas Eastman Co. 
Division of Eastman 

Kodak Co. 
P o  0. BOX 7444 
Longvi ew,  Texas 75607 

Re: NPDES Permit No. TX0000949 
Continuation of Exis t ing  Permit 

Dear Mr. Pendergast : 

Pursuant t o  40 CFR 9122.5 (45 Fed.  Reg. 33425, May 19, 1980), the National 
P o l l u t a n t  Discharge Elimination System (NPDES) Permit No. TX0000949, expir- 
ation  date June 30, 1981 is hereby  continued pending the issuance of a new 
permit . 
In  accordance w i t h  what is comnonly referred t o  as the Administrative Pro- 
cedure Act (5 U.S.C. §558(c)) and the above cited  regulation,  the terms  and 
conditions o f  an expired permit are automatically continued if  the permit- 
tee  has  submitted a timely and sufficient appl ica t ion  for a new permit and 
the Environmental Protection Agency, through no f a u l t  of the permittee, is  
unable t o  issue a new permit before the  expiration  date of the previous 
permit. We have  determined t h a t  you  have  met these requirements;  conse- 
quently, your permit is continued. 

We call your particular  attention t o  Section 122.5(b) of the-above cited 
regulations wherein i t  is specified t h a t  the previous  pent;it  terms and  con- 
dit ions remain enforceable against  the permittee. Additionally, this per- 
mit shall be modified or, alternatively, revoked and reisimi, t o  comply 
w l t h  a w  appl icabl e s tandard or 1 imitation promul gate:i or spprwed under 
Sections 301(b)(2)(C) and (D), 304(b)(2) and 307(aj(2) of the Clean  Water 
Act, if the effluent standard or l imitat ion so issued t'v approved: ( i )  
contains different conditions or is otherwise more str?nge.nt t h a n  any ef- 
fluent l imi ta t ion  i n  the permit; or ( i i )  controls any pollutant not limited 
i n  the permi t. The permit as modified or reissued under t h i s  paragraph 
s h a l l  a lso contain any other requirements of the Act then applicable. 

: *. 

. .  



. 
Sincerely , 

CC: Texas Department o f  Water Resources 


